C
ongenital defects of the first cervical vertebra are uncommon anatomic variants. They are secondary to failure of fusion of the synchondroses normally present in developing spines. 1 Although rarely symptomatic or consequential, they are often mistaken for traumatic lesions. This article describes a case of an injury to the fibrous nonunion of the anterior atlas in a patient with an incompletely ossified anterior and posterior atlas.
Case RepoRt
A 16-year-old male high school football player sustained a flexion compression injury during a game but immediately returned to play. He subsequently sustained a flexion/left lateral bending injury during a collision and experienced immediate numbness and tingling in the upper extremities lasting 5 minutes. He did not return to play or seek medical attention. He presented to another hospital's emergency room 2 days later, reporting continued neck pain and dysphagia. He reported no numbness, tingling, or weakness in his extremities. He was diagnosed with a C1 fracture on computed tomography (CT) and treated with a rigid cervical collar.
On presentation to the current authors' clinic 2 weeks postinjury, he reported constant, diffuse, dull neck pain and persistent dysphagia with no other symptoms. He had continued to wear his collar and avoid contact sports and had been taking 1 tablet of oxycodone hydrochloride/ acetaminophen daily and 600 mg of ibuprofen every 6 hours for pain.
The medical, surgical, and family history and review of symptoms were noncontributory. Physical examination showed a well-developed boy in no apparent distress. Diffuse tenderness to palpation existed in the posterior aspect of cervical spine without point tenderness or stepoffs. He had mild paraspinal muscle spasms. Extremity strength was 5/5 throughout. Sensation was intact to light touch and pinprick in all dermatomes. All extremity reflexes were 11 throughout. Hoffmann and Babinski signs were negative, and no ankle clonus occurred. Gait was normal.
Open-mouth odontoid, anteroposterior, lateral, oblique, lateral flexion, and extension cervical spine radiographs showed no evidence of fracture, instability, or increase in the intervals between the lateral masses of C1 and the odontoid. Magnetic resonance imaging (MRI) and CT scans from the initial hospital showed no evidence of fractures or malalignment. However, the CT scan showed an incomplete fusion/nonunion of the C1 arch in the midline anteriorly and posteriorly with fibrous nonunion of the anterior portion, and the MRI scan showed a fluid collection from the anterior synostosis of C1 extending to the C5 vertebral body, likely representing a hematoma (Figure 1 ).
Original assessment was neck strain with incomplete ossification of the anterior and posterior atlas and traumatic injury to the synostosis of the C1 arch, with the anterior hematoma as the likely cause of the dysphagia. The patient was instructed to increase the ibuprofen to 800 mg 3 times daily as needed for pain, continue using the cervical collar, avoid contact sports, obtain additional CT and MRI scans of the cervical spine, and return to the clinic in 2 weeks.
Five weeks postinjury, he reported gradual neck pain improvement and resolution of his dysphagia. He reported no numbness, tingling, or weakness in his extremities or changes in bowel or bladder function. He wore his cervical collar at all times. Physical examination was unchanged. Computed tomography scans obtained after the 2-week postinjury visit showed a 4-mm complete defect through the anterior arch of C1, slightly to the left of the midline, with corticated but slightly ill-defined osseous margins (Figures 2,  3) . A smaller complete defect also existed through the posterior arch of C1 with corticated and well-defined osseous margins (Figures 2, 3) . Magnetic resonance imaging scans showed resolution of the retropharyngeal hematoma, congenital nonfusion of the posterior arch of C1, and congenital nonfusion/fibrous nonunion of the anterior arch of C1, but no traumatic abnormalities.
Final diagnosis was congenital nonunion of the anterior and posterior arches 
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of C1 with fibrous nonunion of the anterior arch. The fibrous nonunion was likely torn during the football injury, causing edema and a hematoma that resulted in dysphagia and neck pain. The patient was gradually weaned from the cervical collar and started on neck stabilization and a strengthening physical therapy regimen. He was restricted from contact sports.
DisCussion
Ossification of the first cervical vertebra normally begins during the seventh week of fetal development. Three primary ossification centers exist: 1 for each neural arch and 1 for the body. Posterior arch fusion generally occurs by age 3, 2 and anterior arch or neural central synchondrosis generally occurs by age 7.
3 Three main developmental anomalies have been described: 1 (1) the body may be formed by 2 centers that fuse first with each other and then with the neural arches; (2) the body's ossification center may fail to appear, and forward extension and fusion of the anterior portions of each lateral mass may occur; and (3) the body's center may fail to appear, and the lateral masses may fail to fuse, resulting in anterior spondyloschisis. 1 Failure of development and fusion of the posterior arch is more common than that of the anterior arch (4.5:1, respectively) 2, 4 ; both are rarely clinically significant, except when associated with trauma or other cervical defects that render the spine unstable. 2 The incidence of combined defects is similar to that of anterior defects alone. 1 Classification is based on CT findings: type A, failure of posterior midline fusion (most common; 97% of posterior deficits; population incidence, 2.6%); type B, unilateral lateral cleft (second most common; population incidence, 0.54%); type C, bilateral lateral cleft (0 of 1354 cases studied); type D, absence of posterior arch with persistent posterior tubercle (0 of 1354 cases studied); and type E, complete absence of posterior arch (0.18% of cases studied). 4 Because types A and B are less clinically significant and often need no intervention, accurate diagnosis is required when confounded by trauma. 5 However, types C and D may lead to neurologic symptoms and require surgical intervention. 6 Lipson and Mazur 1 reported a patient who presented with transient neck pain after a football injury. Initial radiographs were interpreted as a C1 burst fracture, and the patient was placed in cervical halter traction. However, additional imaging showed that the patient had anteroposterior spondyloschisis. Galindo and Francis 7 described a 5-year-old boy who sustained a vertical compression injury of the occiput; initial findings were consistent with those of a cervical spine injury. Conventional radiographs and CT scans confirmed a C1 fracture through congenital anterior and posterior arch defects. Because flexion and extension films showed that the lesion was stable, no surgical intervention was undertaken. 7 Diagnosis in such settings is the most important clinical step. The treatment pathway for a Jefferson fracture differs radically from that of a C1 formation failure. [7] [8] [9] [10] [11] [12] [13] [14] Defects with smooth, contoured edges on imaging suggest a spondyloschisis, whereas sharp, irregular edges suggest a fracture. 13 In one study, 44% of patients with congenital malformations had bilateral atlantoaxial lateral offset, a finding generally thought to result from a fracture. 11 However, diagnosis of congenital malformations of the atlas may be made from conventional radiographs because they produce atlantoaxial lateral offsets of 1 to 2 mm, whereas Jefferson fractures produce offsets of more than 3 mm.
11 C1 fracture and congenital anomalies are not mutually exclusive; CT scans and conventional radiographs are important for diagnosis. 8 Other criteria to differentiate a C1 fracture from a congenital anomaly in the trauma setting have been suggested, including soft tissue swelling on CT scans, intact cortical margins, and the location of signal abnormality on MRI (ie, intraosseous signal indicates fracture, and no signal or extraosseous signal indicates anomaly). [8] [9] [10] [14] [15] [16] [17] [18] Differentiating between a chronic nonunion and a fibrous union or a failure of formation is best achieved with the clinical history. Radiographs may not show much difference. For a true chronic nonunion with ongoing motion and instability, bone can be remodeled about the nonunion. A fibrous union with relatively more stability may have less bone remodeling.
Congenital anomalies have been treated with symptomatic supportive measures alone, including analgesics and soft or rigid cervical collars. However, Jefferson fractures require external or internal rigid fixation for up to 16 weeks. 18, 19 Treatment algorithms should be modified to treat the most threatening of the patient's injuries. 20 Surgery for congenital anomalies should be considered only if they render the spine unstable.
The current patient illustrates the diagnostic challenge presented by congenital anomalies of the C1 vertebrae found incidentally after trauma. Radiographic findings and symptoms, such as transient paresis, transient parathesias, persistent pain, and dysphagia, could indicate fracture or congenital anomaly. Cervical instability is suggested by history, symptoms, and radiographic evidence of non- physiologic motion between C1 and C2 and 3 mm or more lateral displacement of the lateral masses compared with the odontoid. However, the imaging findings in the current patient indicated that no acute fracture or instability existed and confirmed the presence of a congenital nonunion of the anterior and posterior arches of C1 with fibrous nonunion of the anterior arch.
ConClusion
Because treatment options for cervical spine injury range from invasive fusion to supportive measures based on the cause and extent of injury, determining the correct diagnosis is the most important step in management. Computed tomography and MRI are useful in assessing the posttrauma cervical spine because they help describe the defect's character and distinguish acute and chronic lesions (ie, traumatic injury vs congenital anomaly). Although congenital anomalies are less common than fractures in the trauma setting, it is important to be cognizant of such possibilities.
